Host behavior and social factors have increasingly been implicated in structuring the 18 composition of gut microbial communities. In social animals, distinct microbial communities 19 characterize different social groups across a variety of taxa, although little longitudinal research 20 has been conducted that demonstrates how this divergence occurs. Our study addresses this 21 question by characterizing the gut microbial composition of an African Old World monkey, the 22 black-and-white colobus (Colobus vellerosus), prior to and after a social group fission event. Gut 23 Goodfellow 2 microbial taxonomic composition of these monkeys was profiled using the V-4 hypervariable 24 region of the bacterial 16s rRNA gene, and pairwise-relatedness values were calculated for all 25 individuals using 17 STR loci and partial pedigree information. The two social groups in this 26 study were found to harbor distinct microbial signatures after the fission event from which they 27 emerged, while these communities were not divergent in the same individuals prior to this event. 28
region of the bacterial 16s rRNA gene, and pairwise-relatedness values were calculated for all 25 individuals using 17 STR loci and partial pedigree information. The two social groups in this 26 study were found to harbor distinct microbial signatures after the fission event from which they 27 emerged, while these communities were not divergent in the same individuals prior to this event. 28
Three genera were found to differ in abundance between the two new social groups: 29
Parabacteroides, Coprococcus, and Porphyromonadaceae. Additionally, although this fission 30 happened partially along lines of relatedness, relatedness did not structure the differences that we 31 found. Taken together, this study suggests that distinct gut microbial profiles can emerge in 32 social groups in less than one year and recommends further work into more finely mapping the 33 timescales, causes, and potentially adaptive effects of this recurring trend toward distinct group 34 microbial signatures. 
Sample collection and STR genotyping 120
All fecal samples from the study period were collected using masks, fresh gloves, sterile 121 sticks, and sterile tubes to minimize contamination. 1-2 grams of feces were mixed with 6 µL of 122 RNAlater® (Thermo Fisher Scientific, Waltham MA) immediately upon collection and stored at 123 -20°C in the field. After shipment to the Ting lab, samples were again stored at -20°C until DNA 124 extraction. DNA was extracted from two or more samples of each individual using a QIAamp 125 DNA Stool Mini Kit with a slightly modified manufacturer protocol (Wikberg et al., 2012) , and 126 negative controls were processed with each round of extraction. 17 short tandem repeat (STR) 127 loci were amplified using Qiagen's multiplex PCR kit with a modified protocol and analyzed on 128 an ABI 3730 DNA analyzer (following Wikberg et al., 2012) . We determined how many 129 replicates were needed to confirm homozygote genotypes based on real-time PCR DNA 130 after the fission, original group which became DA after the fission, DA, and NP. Beta diversity 162 was calculated for the samples as Bray-Curtis dissimilarity using the phyloseq package for R 163 (McMurdie & Holmes, 2013) . This metric was selected over metrics accounting for evolutionary 164 relatedness as it represents a quantitative measure of community dissimilarity based on relative 165 abundance without adjusting for the phylogenetic proximity of OTUs, thereby allowing insight 166 into structure without accounting for relatedness among microbial taxa. We also ran a 167 PERMANOVA using the adonis function in the vegan package, with social group (pre-fission 168 DA, pre-fission NP, post-fission DA, post-fission NP), age class (subadult, adult), collection site 169 (mature forest, woodland), and reproductive status of the individual (cycling, non-cycling, 170 pregnant, lactating) as predictors in the model. Linear effect size analysis (LefSe) was run for the 171 groups before and after the fission event at a KW alpha value of 0.01 and an LDA score of 3.0 172
(Segata et al., 2011). 173
To assess whether the fission occurred along lines of host relatedness, we calculated 174 relatedness following Wikberg et al. (2012) . A Kruskal-Wallis test was run using metrics of 175 average group relatedness for the three social groups (original group, DA, NP). Finally, we 176 determined whether host relatedness explained differences in gut microbial beta diversity seen 177 between groups. We investigated the correlation between the Bray-Curtis dissimilarity matrix 178 and the host relatedness matrix for each group using Mantel tests, and Spearman rank correlation 179 statistics were computed with 999 permutations. (Table 1 ). These two groups both remained on the original home range, splitting the range after 190 the fission ( 
5518). The Mantel test comparing 215
Bray-Curtis dissimilarity and relatedness showed no statistically significant correlation between 216 these variables (r < 0.01, p = 0.494). 217
On the whole, individual gut samples were vastly dominated by Firmicutes (57-78%) and 218
Bacteriodes (2-13%). The next most prevalent phyla across samples were Tenericutes (3-10%) 219
and Verucomicrobia (<1-16%). Linear discriminant effect analysis (LefSe) found no differences 220 between the groups prior to the fission and three genera to differ between the two new social 221 groups after the fission: Parabacteroides, Coprococcus, and Porphyromonadaceae (Fig. 4) . weeks. Our study focuses on the time scale across which social groups diverge from one another. 235
We found distinct gut microbial signatures to characterize two daughter groups of colobus less 236 than nine months after the fission event that resulted in these groups. Prior to this fission, the 237 same individuals did not harbor distinct microbial communities, although the difference between 238 them did approach significance. This trend may be due to sampling the original group at a 239 timepoint during the initial stages of the fission event. Taken together, this finding both indicates 240 that distinct gut microbial profiles can emerge in two new social groups in less than nine months 241 and suggests that the process of group-specific microbial divergence may begin prior to the 242 establishment of those groups. Additional timepoints leading up to and following a fission event 243
are needed to more finely map the timescale across which these communities diverge and to 244 better understand the mechanisms driving divergence. 245
Hosts can gain microbes through changes in social context, such as alterations in direct 246 and indirect interactions with conspecifics that provide access to different microbes, potentially 247 affecting gut microbiome composition (Lombardo et al., 2008) . In social animals, changes in 248 group composition, size, and social networks could all contribute to this type of shift. In this 249 study, group composition of females before and after the fission remained similar overall ( Table  250 during the post-fission field season, including two males immigrating to DA group and one 253 infant dying. Further investigation into how changes in social environment and social stress 254 affect the gut microbiome are required to determine how these events may have influenced the 255 observed gut microbiome divergence. 256
Other factors potentially contributing to the observed microbial shifts are diet and/or 257 ranging patterns. While diet has been suggested as a primary driver in structuring the gut 258 in NP and DA group using a distinct part of their group's home range as well as a large overlap 262 zone between the two groups ( Fig. 1) and collection site being a non-significant predictor 263 variable for gut microbial dissimilarity, we cannot rule out the effects of habitat use on the 264 observed shifts. While product groups ranged in subsets of the original range that included both 265 woodland and mature forest, DA ranged primarily in woodland areas after the fission while NP's 266 new range tended toward the mature forest. Because even small changes in environment can 267 expose animals to new reservoirs of environmentally-derived microbes, it is possible that the 268 divergence observed between the two product groups is in part driven by spatial distribution and 269 habitat use. 270
As has been reported in other folivorous species, individual gut samples were vastly 271 dominated by Firmicutes and Bacteriodes with low but consistent proportions of Tenericutes and 272
Verucomicrobia (Yildirim et al., 2010; Amato et al., 2016). Linear discriminant analysis (LefSe) 273
revealed three genera to differ between the two product groups of this study. The new DA groupafter the fission, while the genus Coprococcus was found to be at greater prevalence in the NP 276 group than the new DA group. The Coprococcus genus is in the order Clostridiales, which can 277 assist in the degradation of plant material and is likely to reflect the folivorous diet of these 278 animals (Barelli et al., 2015) . It has been found at differential abundances in different social 279 groups of baboons, suggesting that this might be a genus with a strong propensity for social 280
transmission (Grieneisen et al., 2017). This genus is also commonly used to gauge individual gut 281
health, and decreased levels of Coprococcus have been shown to accompany a stress response 282 (Derrien et al., 2015), which could be related to the changes in social context and/or increased 283 ranging in woodland habitat seen in the DA social group. Because quadrats characterized as 284
"woodland" at BFMS have been previously found to have fewer large trees, less species 285 diversity, and a lower basal area of colobus food trees than those in the interior of the forest 286 (Teichroeb & Sicotte, 2018) , it is possible that the DA group's increased ranging in this type of 287 habitat may partially account for the elevated levels of Coprococcus observed in this group. 288
While our analyses showed that collection site (woodland forest vs. mature forest) was not found 289 to be a significant predictor of variation in this study, more detailed study on the effects of 290 ranging patterns and habitat use are required. 291
This fission event resulted in an increase in average pairwise-relatedness for the NP and a 292 decrease for the DA group, although there were no significant differences in mean relatedness 293 between the original group and the post-fission groups. This is a common phenomenon in Spor et al., 2011) . In this particular data set, no correlation existed 300 between beta diversity and relatedness. Taken together, our results suggest that even though NP 301 group contained some close female kin dyads, relatedness did not play a significant role in 302 structuring the differences in beta diversity seen between the two groups. 303
Finally, the largest proportion of variation between groups in this study was explained by 304 year, rather than group membership. Previous studies have found temporal variation in the gut 305 longitudinally collected samples in this study were all from the wet season, the observed 309 differences would need to be explained by some aspect of interannual variation in food 310 availability during the same season. Further work is needed to clarify this possibility, including 311 more sampling points between years and seasons as well as detailed data on changes in diet and 312 food availability through time. 313
Overall, we used a longitudinal approach that provides a new perspective into how social 314 groups acquire distinct gut microbial communities and the time period over which these 315 divergent communities establish. This has significant consequences for understanding the role of 316 social context in shaping the unique microbial signatures associated with distinct social groups 317 across a wide variety of taxa. Further work is recommended into more finely mapping the 318 timescales and factors that result in this divergence, especially within the context of theapproved by an appropriate institution and/or governmental agency that regulates research with 324 animals, all research reported in this manuscript adhered to the legal requirements of the country 325 in which the work took place, and that the research adhered to the American Society of 326
Primatologists (ASP) Principles for the Ethical Treatment of Non Human Primates. Specifically, 327
we gained permission from the Ghana Wildlife Division, the management committee at BFMS, 328 and the University of Calgary's Animal Care Committee to conduct this study. groups. No significant difference in gut microbial diversity was observed prior to the fission 565 event (p = 0.085, n = 12, pseudo F = 1.23), while less than nine months after the fission event 566 these groups showed unique microbial signatures (p = 0.02, n = 12, pseudo F = 1.62). Significant 567 differences were found in gut microbial diversity between all groups across the years sampled (p 568 < 0.01, n = 24, pseudo F = 2.19). 569 Figure 3 . Pairwise-relatedness as calculated using 17 STR loci are represented by social group. 575
On average, pairwise-relatedness increased by 0.079 in the NP social group from the original 576 group. However, the pairwise-relatedness between groups was not statistically different 577 (p=0.103, df=2, c 2 =4.55). 578 579 580 Figure 4 . LDA scores for taxa differing significantly between product group. Three genera were 581 found in different relative abundance between these two groups. Linear effect size analysis 582 (LefSe) was run for the groups at a KW alpha value of 0.01 and an LDA score of 3.0.
